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pared to make every reasonable concession in order to facilitate its
inflow. Thus the time is a propitious one for a commercial treaty on the
basis of the exchange, at low rates of duty, of products of which each
empire possesses a natural monopoly. India grows many staples which
cannot be reared in any part of the Eussian empire—such as tea, coffee,
indigo, jute, silk, tobacco, opium, and rubber. She is, on the other hand,
a large customer for such Eussian wares as petroleum, skins, carpets, and
dried fruits. Hence the commerce of India would gain by the proposed
railway line; •while goods destined for Western markets might be carried
through Eussian territory in sealed wagons.
The realisation of this project, as remarked lately in the Allahabad
Pioneer, would exercise a still greater influence on the moral and political
development of India itself. The forty years which have elapsed since the
Crown assumed the responsibility of governing her have worked a silent
revolution in the minds of our dusky fellow-subjects. For good or for evil,
they have absorbed the strong meat of our political literature, and demand
all the privileges of citizenship with no uncertain voice. We can no longer
be content, like the Moghuls, our predecessors in the thorny path of con-
quest, to camp in a subject empire, or to rest our supremacy on the
bayonet alone. If the connection between England and her greatest
dependency is to be maintained—if it is to survive the times of stress
which are surely approaching—the two countries must be drawn together
more closely, and communications between them must be speedier and
more frequent than the close of the nineteenth century finds them.
The sketch-map shows the Anatolian railway ending at Angora and Konieh, the
extension to Diarbekr and Bagdad, for which a concession lias been granted, and
the British scheme for a line to Adana, Hit, Bagdad and Basra, with the German
project to carry it through Marash and Aintab. Farther east the Eussian proposed
lines are laid down from near Alexandropol to Tabriz and Bagdad, and from Enzeli
to Bandar Abbas, the former of which will be commenced immediately.—ED.
BRIEF NOTES ON THE GLACIAL PHENOMENA OF
COLOMBIA (SOUTH AMEEICA).
By E. BLAKE WHITE, C.E.
1. PLATEAU GLACIERS.
(a) UPON the summits of the cordilleras, at from 10,000 to 12,000
feet elevation, where the ground is relatively flat, with no neighbouring
high mountains, extensive deposits of till are found, some covering over
100 square miles. This till is composed of clay, with sand and very
angular fragments of rock—much of it quartz—and shows no sign of
having travelled. Probably it has been left by ice-sheets having little
motion. Examples—High lands of Anayma, SW. of Ibague', Department
of Tolima; high lands of Jicaramata, E. of Buga, Department of Cauca;
great plateau of La Cocha, E. of Pasto, in the south of the Department
of Cauca.
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with areas of 1000 to 1800 square miles, are covered with deposits of
till of variable character. In some places it reaches a thickness of 300
feet, but is generally 40 or 50 feet thick. The till is composed mostly
of red clayey earth, with subangular or rounded stones and boulders of
all sizes up to 100 cubic yards or more. Irregular beds of sand and
water-worn gravel occur, and great quantities of quartz. Most of this
ground is auriferous, but irregularly so. In some places collections of
huge erratics are found. Some seem to have been dropped in heaps, and
others are piled up in ravines formed by the torrents of water flowing
from the melting ice-sheets. Sketch No. 6 shows such a pile, and
Sketch No. 7 a heap of erratics on high land. Examples—The Santa-
rosa table-land, NW. of Department of Antioquia (this is more than 60
miles long by 30 to 40 wide); the Yolomb6 plateau, N. of the centre of
Antioquia; the Remedios plateau, NE. of Department of Antioquia
(Sketches 6 and 8); the Tuquerres plateau, south of Department of
Cauca (this abounds in stony drumlins and huge erratics).
2. MOUNTAIN GLACIERS.
(a) Existing.—At the present time I only know of glaciers on the
Mesa de Herveo (Department of Antioquia), 17,500 feet; on the
Nevado del Tolima (Department of Tolima), 18,750 feet; and on the
Huila (Department of Cauca), 18,000 feet. These present the usual
glacier features. Incipient glaciers exist in nooks and crannies on the
Ruiz, Santa Isabel, Quindio, Moras, Purac6, Cocomico, Paletara, and
Tajumbina, and away south near the Ecuador frontier on the volcanoes
of Cumbal and Chilio.
(b) Former Extension.—Excluding debatable ground, it is quite clear
to the observer that in former times all the mountains mentioned had huge
glaciers extending far down into the valleys. The most notable of their
traces are what seem to be ground moraines. These consist of immense
masses of hard brecciated conglomerate, so enormous that one is at a loss
to imagine how they can really represent ground moraine. But they
extend right up to, and are lost under, the foot of the present glaciers,
which by the way is hard to see, owing to the continual breaking away
of the terminal ice front. On the eastern slope of the Purace' volcano
near Popayan the ground is not very precipitous, and long ridges of
moraines stretch down from the mountain to the valley of La Plata,
forming the undulating grass lands of Moscopan.1
3. ANCIENT VALLEY GLACIERS.
(a) Lateral Valley Glaciers.—Almost every considerable valley in the
Colombian mountains had its glacier. No traces, or but faint vestiges, of
the glaciers are found in those cases where the valleys have been sub-
sequently cleaned out by the rush of waters from vanishing glaciers on
the higher ground when the ice king was at his last gasp. A list of
1
 Owing to the well-known decomposition of the exposed surfaces of rocks in these
countries ice striæ are hardly ever met with. Some scratched and grooved stones are found































472 SCOTTISH GEOGRAPHICAL MAGAZINE.
such old glacial sites would comprise nearly all the river valleys of
Colombia. Taking for instance the tributaries of the river Magdalena
from Honda upwards, we have on the west side the rivers Guali, Lagu-
nilla, Eecio, Combeima, Coello, Oucuana, Tetuan, Amoya, Saldana, Paez,
and La Plata, all with well-marked glacial deposits. A few examples
will suffice to show their general character.
Sketch No. 1 shows the relics of the glaciers of the rivers Juanambu
and Guaitara, with the volcano of Galeras near Pasto in the distance
(S. of Department of Cauca). The inclined mesa or plateau in front is
2400 feet above the level of the Patia river, which receives the two rivers
mentioned. The whole of this body of material is composed of glacial
detritus, principally eruptive. Sand, till, boulder beds, felspathic clay
beds and cemented conglomerates, sometimes with some pretence to
stratification but mostly without, form this enormous mass. It rests,
right down at the river's edge, on an old metamorphic rock. And what
is seen in the sketch is only a patch. Away up the Guaitara and Juan-
ambu and northward to the Mayo valley, 30 miles away, these mesas
cover many hundreds of square miles of ground. Thirty miles or so up
the Juanambu they flank the river with almost inaccessible cliffs of hard
conglomerate more than 1200 feet high. The conglomerate contains
everything from sand up to pebbles of 100 tons weight. Space will not
allow me to attempt to describe the beetling cliffs, the huge tottering
piles of disintegrated conglomerates, the rugged ravines guarded by
hundreds of lofty rock-topped pinnacles, and the great blocks of uprooted
breccias which form the wild ornamentation of this grand valley. I t is
the ancient field of a mighty fight between volcanic fire and ice, furrowed
now by the work of time. When speaking of glacial lakes I shall have
to refer again to these deposits.
Sketch No. 2 represents the old glacier field of the river Combeima,
Department of Tolima. At the head of the valley lies the city of Ibague\
The river runs in a gorge 300 feet deep, shown to the left centre. To
the left of this a side valley opens out. The head of this valley is a
depression in the north ridge line of the Coello valley, and 2000 feet
below it runs the river Coello.
In ancient times the great Coello glacier, whose thickness I have
estimated at 5000 feet, overflowed through this gap, and, joining the
Combeima glacier, produced the fine medial moraine shown in the
sketch.
This glacier extended downwards from Ibagu6 some 25 miles, and
probably ended in the Magdalena valley lake. Its base is formed of a
hard conglomerate containing stones and boulders of all sizes, consider-
ably worn. In the portion shown in the sketch it is 300 feet thick.
The Combeima river runs in a ravine of from 250 to 500 yards in
width, with solid walls of this conglomerate on either hand. It is clear
that so small a stream as the Combeima could never by itself have cut
out this canon. The work was probably done by the floods coming
down from the melting glaciers above, carrying stones, etc.
The upper 15 or 20 feet of the deposit is formed of till, brick clay,































1.—Glacial deposits, 2400 feet thick, between the rivers Juananibii
and Guaitara in the district of Pasto.
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3.—Outfall of the Rio Fraile glacier, with the Cauca valley (glacial lake).
4. —The Plains of Mariquita, Magdalena valley, showing denuded
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that spring from the deposit have milky water, which no ordinary filtra-
tion can clarify. It is reputed to be very healthy to drink. The stream
which runs down the edge of the valley to the right finds its way
amongst huge boulders of syenitic granite, brought down from far above
Ibagu6. These probably represent the remains of the lateral moraine of
the glacier. The streams of water from the melting ice carried away the
lighter materials, and hence the bed of the present stream yielded great
quantities of gold in Spanish times. It is said that on an average each
Negro obtained about 30 oz. of gold per diem. The gold found here and
above Ibague, as well as in the Coello valley, is all rough and not worn
at all, and carries much of its quartz matrix. It clearly was not brought
down by water, and most likely took passage on the glaciers.
Sketch No. 3 shows the outfall of the old glacier of the river Fraile
into the great Cauca valley. It explains itself. Here also the base is a
hard conglomerate, and the upper portion is composed of marly earth
and till with boulders. Very many of the loose boulders measure 125
to 150 cubic yards. The little drumlin shown is a heap of stony till.
The mountains in front are the Farallones of Cali in the Western
Andes. To the left centre a valley with a sloping plain is shown. This
is a great mass of stony till, mostly red clayey earth. It carries gold,
and the Chontaduro mine is worked here. The gold is all rough, and
not water or travel worn.
The city of Cali, seen to the right, is also built on an inclined plane
of stony till, the outfall of the Cali river glacier.
I may mention here that in some river beds where the bottom gravel
contains gold, the scales of metal are found so fast welded to the pebbles
that the miners have to scrape them off. This shows the great pressure
on the ground moraine.
(&) Main Valley Glaciers.—The valleys of the great rivers Patia,
Cauca, and Magdalena, and those of all their larger tributaries, had their
glaciers. Their deposits are too varied in character to be described
here. They are constantly changed by local conditions. Confused at
the junctions of side valleys, they become regular where the main stream
took an even course. Many lakes were formed by ice jams. In some
cases the ice was evidently held back until it found an overflow, or broke
down an obstacle. In these instances mesas or plateaus composed of
till, conglomerates, and breccias were formed and left in side eddies,
or at the junctions of ice streams. Thus parallel roads were grooved out
along the hill-sides, and these may be seen all over the country where
the forest has been cleared away. In the valley of the Anayma on the
Upper Coello these "roads," and the remains of lateral moraine drift left
in the hollows of the mountain sides, give one the means of computing
the thickness of the glacier. As already stated, the Coello glacier was
5000 feet thick, and must have exerted a pressure at its base of 120
tons per square foot. Would not heat be evolved by the movement
(however slow) of such a mass, and might this not aid the formation of
sub-glacial rivers?
Many instances occur where a great main glacier crossed the course
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the valley of La Plata a glacier carrying till with a peculiar red porphyry
was driven up a side valley, and so over a gap into the Magdalena
basin, where it left its moraines with the clearest evidence of the origin
of the rocks composing them.
The medial moraines left by many of these glaciers, or the surface of
the inclined plain of detritus, are often dotted in a more or less regular
way with piles of clean angular stones, generally one or two feet in
diameter, but sometimes larger. So artificially placed do these stones
appear, that I was once inveigled into going a long way to see such a
collection, which the country folk thought must be the work of some
ancient race, and indicative of some great hidden treasure. The trip
was instructive to me, but disappointing to my guides.
4. GLACIAL LAKE DEPOSITS.
(a) Natural Lake Basins.—The valley of Bogota, 8200 feet above
sea-level; the valleys of Guarue, La Ceja, and Retiro, in Antioquia
(7800 feet) ; the valley of Cajamarca in the Cauca (5000 feet), and the
valley of Urrao in the N\V. of Antioquia (7000 feet) are examples of
this kind of lake. Their outlets may have been to some extent blocked
by ice, or the water from the melting ice when the glacier disappeared
may have cut a channel deep enough to drain the depression, but at all
events they were glacier lakes, and received contributions from the hills
surrounding their basins. They exhibit deposits of clay, angular gravel,
and rounded gravel, with travelled boulders, sometimes of large size.
There are numbers of such lakes, big and little, in the Cordilleras, and
also small tarns.
(b) Lakes formed by Ice Blocks.—In the Magdalena valley there
were at least four large lakes of this class. The lowest, covering the
country round Honda, Mariquita, Lerida, and Ambalema, over an
area of more than 800 square miles, was formed by a block of the ice
coming down the Miel valley on the west, and of that coming down the
Eio Negro valley on the east. These great ice-fields made a jam in
the narrowest part of the main valley. Although Honda is only 656
feet above sea-level, there is no indication whatever of any subsidence
having taken place which would account for the lake. If this had
happened, the lake deposits would have extended down the valley below
the confluences of the rivers Miel and Negro, which they do not. Into
this lake flowed the great ice-streams from the valleys of the Guarino,
Guali, Lagunilla, Rio Eecio, and Combeima, all of them having their
heads in the great volcanic chain which commences in the Quindio and
Nevado del Tolima on the south and extends to the Mesa de Herveo on
the north. From these volcanoes were poured out upon their glaciers
such enormous quantities of lava, sand, pumicestone, etc., that, borne
down upon the ice-fields to the lake, they there formed a fairly stratified
deposit which covered upwards of 800 square miles, and which had a
thickness (measured by me) of over 900 feet. Scarcely a trace remains
in the valleys named of the passage of this marvellous amount of ejected
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When the glaciers finally broke up, the disappearance of the ice
block released the waters of the lake. Deluges of water would then
pour down into the lake below from the higher parts of the glaciers,
and these powerful streams swept away before them the greater part of
the lacustrine deposit, carving its remnants into the most fantastic
shapes. Sketch No. 4 is a view looking north over the valley between
Mariquita and Honda, which gives a good idea of this fine and undeni-
able case of denudation. All the hills shown have an average height of
900 feet above the plain. Bed rock is only to be seen on the edge of
the Magdalena river, near Honda.
The second lake in the Magdalena valley was formed by the meeting
of the glaciers coming down the valleys of the rivers Apulo, Bogota,
and Fusagasuga on the east, and those of the Coello and Cucuana on the
west. The deposited material is principally red clayey till, with some
boulders, and gravel at the base. Near Ortega the complete skeleton of
a mastodon was found in 1887, and here also the denuded deposits take
very remarkable shapes.
The third lake was formed at the junction of the Saldana valley
and the Magdalena. The deposits are better stratified, and large
quantities of auriferous gravel are found. The denuding agents were
less active, and the remains of the deposits have the form of long ridges
with flat tops and rounded hills.
The fourth lake was produced by a narrow gorge in front of the
town of Gigante (giant). The lake bed is covered with conglomerate,
and this by till with many boulders. Numerous large erratics are
scattered over the country. Mastodon bones have been repeatedly
found in the till, and the popular idea regarding them gave the name to
the town, Gigante. This lake was about 60 miles long by 30 miles
wide in its broadest part. Its bed now offers to the view wide sloping
plains, descending by terraces to the river, which cuts through the bottom
conglomerate beds.
The immense deposits of the Guaitara and Juanambu region (Sketch
No. 1) were no doubt semi-lacustrine. These rivers, joined to the
Patia, flow through a very narrow gorge in the Western Andes, which
must have held back the ice. I am not able to say to what extent water
operated in the formation of these deposits, but no doubt it had a good
share in the work.
The Cauca valley lake extended from Cartago on the north to
Calote on the south, a length of 102 miles, with an average width of
15 miles. Its formation was due to its narrow outlet at the north end
becoming blocked by the glaciers coming down from the Quindio
mountains on the east, and those of the Tamana range on the west.
These glaciers have left abundant traces.
The lake appears to have been shallow, perhaps not more than 200
feet deep. The lacustrine formations consist of a bottom grave], some-
times cemented, and beds of clay, yellow and brown sandy clays and
marly earth. The thickness of these beds is about 40 feet. Following
them comes a layer of vegetable soil from one to two feet in thickness,
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the top of this soil are beds of reddish earthy clay, sand, yellow sandy
clay, and fine angular gravel or coarse sand. Erratic blocks of various
sizes up to two and three cubic yards are found lying on the surface soil
in many parts. This general class of deposit is varied locally by the
till and gravel which were brought down by the glaciers of the lateral
valleys.
The usual thickness of the lacustrine beds which overlie the sub-
stratum of vegetable soil is 25 feet, but it thins down in the centre
of the valley to 4 or 6 feet. Everywhere this bed of soil contains
abundant fragments of pottery of good quality and workmanship. Beds
of semi-lignite, composed of the remains and roots of the Guadua (the
South American "bamboo), and of other common tropical plants are
found in the soil. Mastodon remains are common in the upper deposit,
but are usually found near the foot of the cordilleras, and may have
come down the side valleys. Indian graves (guacas) have been found,
dug from the lower bed of soil downwards, and these have yielded gold
ornaments of fine workmanship, very superior to those made by the
Indians that the Spaniards found here.
The site of this lake offers a great field of study to the geologist,
ethnologist, and physicist. The first may speculate on an interglacial
age, the second may dig up the record of a prehistoric and preglacial
race, whilst the third may ponder over those bamboo lignites, and
conjure up eccentricities and precessions and other cosmical notions to
account for bamboos that grew on an ice deposit, and were covered by
glacial silt. It seems strange that such a field exists within thirty days'
easy travel from London, and that no one has visited it.
Most of the tributary valleys of the Cauca (that of Buga especially)
have their glacier formations as evident as that shown in Sketch No. 3.
The glacial character of this lake cannot therefore be doubted.
5. TERRACES OF TILL, ETC.
As these form a great feature throughout the country, I notice them
especially. Sketch No. 5 shows their general character. It is a view of
the ascent from the Magdalena valley to the tableland of Bogota, pass-
ing through Anapoima in the foregronnd, and higher up through La
Mesa. To the right is the valley of the river Bogota, and to the left
that of the Apulo. On the sides of these valleys may be seen two
series of terraced mesas, corresponding in level with those of Anapoima
and La Mesa. These terraced mesas are formed of heavy conglomerate
with a cap of till. They often carry large erratics on their surfaces.
The conglomerate is formed of sand, small and large, more or less
angular, stones and rocks of several cubic yards in bulk. All the mesas
in the country have the same formation.
There are two well-defined series. One occurs at 2900 to 3100 feet
elevation, and the other at 4000 to 4200 feet. Of these there are
scores. Cases occur in which a similar mesa is found at a different
height, but at the junction of two valleys with a narrow canon lower































5.—Glacial terraces and mesas, road from Magdalena valley and
Bogotii via Anapolma and La Mesa.
'-iwf'lP'i'^y'!*' *'- ' -ji£^^ite^
ssSsSsMa































7.—Erratics and monolith, 214 feet high, near Entrerios on
Santaroso tableland.
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rested. Hence the two series may mark.two periods of repose. The
mesas of La Mesa and of Ibagu6 (Sketch No. 2) front each other, sixty
miles apart, on the opposite sides of the Magdalena valley, and they
have precisely the same elevation above sea-level.
6. LOWLAND SECONDARY GLACIAL DEPOSITS.
These present great problems, which I cannot attempt to solve. I
must confine myself to a statement of facts.
If you start at the Ecuador frontier on the Pacific coast, and run a
contour line all round Colombia at the 1000 feet level, you will have
more or less the upper level of the lowland deposits. This contour line
will take you up the river valleys, and into the basins of the rivers San
Juan, Atrato, Sinii, Magdalena, Oauca, etc. Everywhere, with but few
blanks, one great semi-alluvial deposit characterises this zone. It rests
at times on old rocks, where these have been denuded, but over vast
areas it lies on the most recent Tertiary strata. In some places a similar
formation occurs at higher levels, but local causes account for these
cases. They are, however, of importance as showing that the agents
which operated in the accumulation of these deposits did not act only
on the coast-line, or at low levels. But in treating of so vast a subject, I
have to generalise.
Nearly everywhere cemented beds of conglomerate form the base of
the series. The stones and rocks are mostly rounded, but many are
angular. They vary in size from small gravel to diameters of six and
twelve inches (the most common), but boulders of one and two tons in
weight are not rare. Following upwards we find layers of clay, sand, gravels
well worn or subangular, and in some places one or more beds of cement.
All these beds are irregularly stratified. They frequently merge into
pure till, formed of clayey red earth with angular stones, and large beds
of boulder clay, exactly like that described on page 7 of The Great Ice
Age. Patches of lignites are met with, made up of known plants and
trees, and I have seen very fair jet in such beds. All these different
strata may merge one into another, and where you find a true alluvial
gravel, you may see it thin out and give place to a till or boulder clay.
Sometimes the beds of conglomerate attain a thickness of 200 and 300
feet, and exclude all the other strata. Generally speaking, the rocks
and stones seem to have come from the nearest mountains, but sometimes
it is hard to say whence they have been derived.
The ordinary thickness of these deposits is from 200 to 400 feet.
Denudation has removed large portions.
Gold is found almost everywhere, and what is remarkable is the fact
that it occurs as well in the upper as in the lower beds and con-
glomerates. In gravels formed under water gold will find its way to the
bottom in the most surprising manner. It is strange therefore to find
"gold in a soft top gravel, overlying, perhaps, a bed of sand. I have
prospected gold right up a bank 100 feet high, as far as the cap layer
of vegetable soil. This gold all shows signs of travel.
That these deposits are formed of ice-borne material there can be no
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7. SPECIAL PHENOMENA.
Most of the large erratics are found on high lands, generally marking
the watershed of two basins, where probably the glaciers rested and
finally melted. All over the Santarosa plateau immense piles of erratics
are found, like that shown in Sketch No. 7, except for the great
monolith. This I triangulated, and found to be 214 feet high. In
some of the small valleys and ravines these piles of rock defy description.
The little valley where the block shown in Sketch No. 6 occurs is piled
with hundreds of such stones. Close to the one shown is a half-buried
block, which measures 140 feet long and 72 feet high.
The rock shown in Sketch No. 8 is one of thousands scattered about
on a plateau divide.
The vertical furrows on these stones are very wonderful. The
material is syenitic granite. The furrows are 2 to 3J feet deep, and the
ridges left between them are so thin that large slabs may be broken off
them. At the back of the stone shown in Sketch No. 8 some steps in
the mule trail are made of such slabs.
Where one stone in a group is furrowed most of the others are also,
and, saving where a stone has moved from its original position, the
furrows are all vertical. The granite is very hard and quite homogeneous.
Nos. 6 and 8 are both in the Eemedios district in Antioquia, but lie
some thirty miles apart.
I should have mentioned that the block in Sketch No. 6 is 120 feet
long, 50 feet high, and 70 feet wide. It weighs, therefore, over 32,000
tons. The monolith upon which its centre rests has been crushed by
the weight, and the shattered slivers are heaped around its base.
May such rocks have bored shafts in the ice, and when once at the
bottom have been exposed to the action of cataracts of water, mud, and
stones pouring down the shafts 1 I have seen rocks lying in pools of
water on ice, but how far they could bore down, or how long they could
preserve their head, I do not know.
The loss of this country deserves a special study. It is found on
glacier plains, on mountain sides, and on hill tops, and it is always the
same loss—a tough, unctuous clay. On the lower glacier fields the loss
contains double hexagonal pyramids of quartz, from
 TVth to \ inch in
diameter. These crystals are not worn. After rain they may be seen
glittering in the sun by thousands. I have gathered them all over the
country, and they certainly originated in the glacial detritus.1
8. FOSSILS, ETC.
I have tried to find fossils in the marly beds, the lacustrine deposits
etc., but have not met with any. The mastodon remains are found in
1
 In a memoir on the mines of Huancavelica in Peru, by a French engineer, published in
Les Annales des Mines sometime in the forties or early in the fifties, the glacial deposits of
the Peruvian Andes are well described, although the writer did not know -what they were.
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the upper beds, and must be very modern, as the ivory of the tusks is
often well preserved. The carbonised vegetable remains are those of
existing plants.
Man clearly inhabited the country in some sort of interglacial age.
There is good reason to believe that he and the mastodon were con-
temporaries.
9. AGE, ETC.
The Glacial epoch in Colombia was Pleistocene. There is no evidence
to show that any change in the relative level of sea and land took place
either during or after the ice period. All the general features of the
country appear to be unchanged since the ice time. The vegetation is
more or less the same. True it is that many plants—bamboos, for
instance—could subsist in a temperature 5° C. lower than the present.
Now, with the temperature 5° lower, the whole three Cordilleras of the
Andes would be covered with perpetual snow, and the glaciers could
find their way down to the warmer levels. If the atmosphere had been
, so much less dense as a pressure of three inches of mercury would corre-
spond to, the snow-line would have been from 4000 to 5000 feet lower.
At various periods in the world's history the atmosphere seems to have
been at times rich and at others poor in carbonic acid gas, and, naturally,
with a less dense atmosphere there would be a lower temperature.
To return to facts. The volcanoes of the Andes were all vigorously
active during the Ice Age. Dozens of extinct volcanoes, now almost
unknown, were pouring out lava and raining ashes and pumicestone
down upon the glaciers. Thus the deposits of the lower and upper
Magdalena and the Pasto region were originated. One has to see these
deposits to realise what they are. No such phenomena are, to my know-
ledge, presented in any other part of the world.
Mr. White's notes on a region so little known are very welcome. Some doubt
naturally attaches to the recognition of glacial phenomena in a country where
rock-weathering is so active. The great depths attained by the rotted granitoid
rocks of Brazil, and the abundant distribution over wide tracts of isolated blocks,
boulders, and rocking-stones (the remnants of more or less disintegrated and
irregularly degraded rock-masses), suggest doubts as to whether all the "ti l l" and
" erratics " described by Mr. White are really of glacial origin. The " erratics "
shown in figures 6, 7, and 8 have a suspicious resemblance to the relics of dis-
integrated granitoid masses. We hope the author may be induced in a future
communication to enter into more detail with the view of showing what is the
particular evidence which has led him to the conclusion that these are true
. erratics, and that the " plateau-till," for example, is not the result of weathering of
rocks in situ, but the product of glacial action. Mr. White has been so long
resident in Colombia that, with his knowledge of the glacial phenomena of Europe,
he should be able to give us a very interesting account of the particular glacial
phenomena he has observed in South America. His " brief notes " whet the reader's
appetite for more.—EDIT.
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